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Abstract —Reactions oftert-butyl tetraethylphosphorodiamidite with benzylideneacetylacetone, benzyl-
ideneacetoacetic ester, and benzylidenemalonic ester are studied. It is shown that thejreaction pathway
significantly depends on the solvent and temperature. The reaction with benzylidenagetylagetone in ether gives
rise to a stable diketophosphonate, while the same reaction in boiling benzene volves elimination of di-
ethylamine and yields a phospholene. The reaction with benzylideneacetoacétichesterproceeds analogously,
while with benzylidenemalonic ester the corresponding phospholene'’is farmed|exclusively.

It was previously shown that dialkyl hydrogen C=0 (1710 and, 1%20), and PhC=C (1540) groups.
phosphites and bis(fluoroalkyl) phosphites react witiThe *H NMR speetrum shows a triplet at 1.5 ppm
ylidene derivatives of acetylacetone and acetoacetid2H, 3JHH 7 Hz) duepto the NC,H; methyl protons.
and malonic esters by way of addition by the C=CThe methylene protons give a quartet at 3.46 ppm
bond in the presence of sodium alcoholates as caté8H). The phenyl protons give a singlet at 7.05 ppm
lysts [1, 2]. Amidoesters of P(lll) acids, specifically (5H)fand‘the CH-C=0 methyl protons, a singlet at
tert-butyl phosphorodiamidité, were not studied in 256 ppm (6H).
these reactions. We found that these reactions may
take different pathways depending on the temperdturedit is ‘evident that phosphonatd undergoes keto-
and solvent and may occur in solvent-free conditionsendl tautomerization. This is proved its reaction
with copper acetate, leading to formation of copper
cetylacetonate as greenish blue crystals, mp@20
he structure of phospohonatl is also confirmed

The reaction of phosphorodiamiditewith bénzyls
ideneacetylacetone without solvent occugstwith hea?
release and leads to tarring of the reagtion mixtureb

: : its reaction with 2,4-dinitrophenylhydrazine,
The reaction performed in dry ether under reflux y IS .
involves isobutylene evolution (identified™ as di_prowdmg the corresponding phenylhydrazone as

bromide) and gives 2,2-diacetylsd-phenylethyl tetra—reOIOIiSh orange crystals, mp 1A28°C.

ethylphosphonodiamidatelll()g#ia, high vyield. The

product is thermally stable andimelts without decom;[0 give the corresponding pyrazole. We showed

It is known that acetylacetone reacts with hydrazine

position. that prolonged boiling of phosphonatél with
(EtoN),P-OBu-t+ PhCH=C(COCH)» hydrazine sulfate gives 3,5-dimethyl-4-(tetraethyldi-
| [ aminophosphinoylbenzyl)pyrazole sulfat/);

( (|:H3 _‘ I+ NHy-NH5 - HoSOy

R (l)Bu-t //C—(T CHs
(EtzN)zFﬁ—(l:H—C\ (”) Fl)h | _

pp ~ COCHs 2, EtN)PcHC( |

C-NH-H,S04

% e

—vesc=or,” (Et2N)2P-CH-CH(COCH), Vo

1]
The IR spectrum of productV contains C=C,
The IR spectrum of compoundl contains absorp- C=N, P=0, and NH absorption bands at 1620, 1690,
tion bands ¢, cn?) characteristic of P=O (1180), 1200, and 3340 cm, respectively.
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The reaction of phosporodiamiditewith benzyl-  with rotational isomerism in the C=COOEt frag-
ideneacetylacetonell in boiling benzene gives, ment (17161740 cn1). Bands of the C=C, P=0, and
together with isobutylene, an equimolar amount ofP-O-P groups are also observed at 1640, 1210, and
diethylamine that distills from the reaction mixture.1020 cm?, respectively.

The latter was identified as hydrochloride (mp 22D
obtained by passing of dry HCI in the benzene distil-
late. It is evident that this reaction proceeds throug
the stage of phosphonatél formation, which at
elevated temperature cyclizes to 4-acetyl-2-diethyl
amino-5-methyl-2-phenyl-1)?-oxaphosph-4-olene
2-oxide ) through enollll with Et,NH elimination.

Note that in going from benzylideneacetoacetic
ster to benzylidenemalonic esterli( ) linear pro-
ucts no longer tend to cyclize to corresponding phos-
pholenes. This fact agrees with the propased scheme,
according to which the cyclization proceeds through
the enolic form whose formation is impossible in the
case of benzylidenemalonic ester#The same scheme
( Ph —‘ was earlier proposed by Pudoyik and Moshkina [2].

(l) (':H COCH; The reaction of compount with benzylidenemalonic

/O ONAS ester VIl ) upon prolonged boiling ‘ih,benzene or di-
I ecmcr,” | (BN C oxane or within 0.51 h in GH,Gl, Vields diethyl
H. ,C. (tetraethyldiaminophosphinoylbenzyl)malonatd X)(
O CHs The latter was isolatedsas, a“yellow oil which was
CH purified by columna‘chromatography, on silica gel. The
EtN. ,O0—C’ 3 IR spectrum of compoundX/'shows bands charac-
P teristic of P=@, (4200 ‘€nt) and C=0 (1720,
ELtNH O CH-C\ 1745 cnt) groups.
Ph (||: CHe The_ssynthesized™ (tetraethyldiaminophosphinoyl-
o benzyl)malonie esters were used for preparing the
v corresponding “barbituric derivatives. The synthesis

was carried out by a conventional synthetic procedure
forbarbituric acids by heating the former in ethanol

withiearbamide in the presence of RONa. As a result,
(tetraethyldiaminophosphinoylbenzyl)barbituric  acid

X wvas isolated.

PhospholeneV is a stable white crystalline
substance. Its IR spectrum contains bandschr?)
characteristic of the following groups: P=0 (1220),
C=C (1620), PO-C (1010),s-cisC=0 (1740), and
s-transC=0 (1690).

The reaction of phosphite with benzylideneaceto- O Ph

acetic ester\(l) in boiling benzene with simultaneeus | + phCHzc(COOE@A_> (EtZN)leil)_(l:H_CH(COOEth
distillation of diethylamine and evalutionyof isobu-

tylene yields 2-diethylamino-4-ethexycarbonyl-5- IX
methyl-3-phenyl-1,2°-oxophosph#-olengé, ~ 2-oxide o)
v). O Ph I
(NH,),CO I SONHS
COtH, 225, (EtpN),P-CH-CH{ c=0
| + PhCHECS CNH
COOEt o
X

Ph
K | COCH;

A | /
“Me,G=Ch) (BN)2P-CH-CH{ E The IR spectrum of compound contains absorp-
COOEt tion bands at 1705 and 1720 tha broadened band
of the OH group at 3180 cm, a band of the NH
F|>h group at :1%340 cmt, and a band of the P=O group at
? cH-c-cookt 1180 cm.
e EN-PL
O—C-CH;, EXPERIMENTAL
Vi The IR spectra were recorded on a Specord M-75

spectrometer in the range of 4800 cn* for KBr
The IR spectrum of compoundll in the carbonyl pellets. The!H NMR spectra were obtained on a Tesla
absorption region has a complicated pattern associat®&5-587 spectrometer (80 MHz) in D and DO
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against internal HMDS. The melting points werecompoundl and 4.4 g of compoundfl was refluxed
measured on a Boetius hot stage. in 50 ml of benzene. Isobutylene, 360 ml, and 1.6 g
(74%) of diethylamine hydrochloride were isolated.
The remaining reaction mixture was treated with dry
ether to obtain 2-diethylamino-4-ethoxycarbonyl-5-
ether. Compoundl, 5.0 g, compoundl, 3.8 g, and methyl-3-phenyl-1,2°-0xophosph-4-olene 2-oxide

50 ml of dry ether were placed in a round-bottom . .
: : : (VIl) as white crystals. Yield 4.6 g (68%), mp 120
flask and heated to boil. Vigourous isobutylene 21°C. Found, %: C 60.28: H 7.43: N 4.51: P 8.81.

evolution (370 ml, 83%) was observed. After the ga : : . .
evolution had been complete, the solvent was r -17;%’\'04'3' Caleulated, %: C 60.53; H 7. N 4.15;

moved, and the residue crystallized. It was treate

with hexane to obtain 2,2-diacetyl-1-phenylethyl Reaction of phosphorodiamidite/T with “Benzyl-
tetraethylphosphonodiamidatelll() as needle-like jdenemalonic ester (VIIl). A mikture of 5.0/g of
crystals. Yield 5.4 g (72%), mp 14041°C. Found, compoundl and 5.0 g of compoundIll was ref-
%: C 63.48; H 8.92; N 7.42; P 8.34.,833N,03P.  |yxed in 50 ml of benzene or diexane,for8h or in
Calculated, %: C 63.16, H 8.68; N 7.37; P 8.16. methylene chloride for 08 h{ Thelreaction progress
Reaction of phosphonodiamidate Il with ~Was controlled by TLC. The“solvent was removed to
hydrazine sulfate. A mixture of 4.8 g of compound leave a light yellow oilghat,decgmposed on distilla-
Il and 2.6 g of hydrazine sulfate was refluxed fortion. The oil was subje¢tedto,golumn chromatography
3-4 h in 25 ml of absolute alcohol. The reaction prog-On silica gel (eluent benzedgexane, 1:1) to isolate
ress was controlled by TLC. The solvent was removedliethy! (tetraethyldiamingphosphinoylbenzyl)malonate
and the residue was crystallized from benzene to offlX). Yield 4.7 g4(54%). Found, %: C 59.65; H
tain 4.1 g (58%) of 3,5-dimethyl-4-(tetraethyldi- 7-44; N B.12; P 7.4856H3/N,O-P. Calculated, %: C
aminophosphinoylbenzyl)pyrazole sulfatévy, mp 60.00; H 841, N 6.36; P 7.05.
293°C. Found, %: C 33.63; H 9.45; N 15.98; P 8.86;
S 8.96. G HN,OPS. Calculated, %: C 33.99; H
9.63; N 15.86; P 8.78; S 9.06.

Reaction of tert-butyl tetraethylphosphorodi-
amidite (1) with benzylideneacetylacetone (Il) in

Reaction| of phosphonodiamidate IX with car-
bamideylo“a solution of sodium ethylate prepared
from, 0.7 'g of sodium in 30 ml of absolute ethanol,
472 giof carbamide and 4.4 g of compouhd were
ideneacetylacetone (ll) in benzeneCompoundl, adg_ed. 'tl;heb_reactlon mixture \(/jvas rgfluxeddfoﬂelih,d_
5.0 g, and 3.8 g of compountl were reflufed in sedium barbiturate precipitated and was dissolved in

water. The solution was acidified with HCI, filtered,

50 ml of benzene. Vigorous isobutylene ‘evolution . e
(395 ml, 88%) was obs%rved. After thye gas evolutionand concentrated in a vacuum. (Tetraethyldiamino-

had been complete, the benzene, fas\distilled Oﬁghosphlnoylbgnzyl)barblturlc acid 'preupltated and
together with the diethylamine formedy, The fatter wa was recrystallized from ethanol. Yield 2.1 g (52%),
Y %np 156C. Found, %: C 55.28; H 7.48; N 13.51; P

identified as hydrochloride obtained byapassing dr . : .
HCI through the distillate, yield 29\ g (87%), mpy’7\|'3fé GgHaN4QP. Caleulated, %: C 55.88; H 7.1L

220°C. The residue after removal of benzene was
crystallized from a benzemsbBexane/mixture to obtain
4-acetyl-2-diethylamifio-5-methyl-2-phenyl-2,2 REFERENCES
oxaphosph-4-oleneg2-0xideV), Yield 4.1 g (67%),
mp 124-125°C. Eoundy %:"C 62.21, H 7.48; N 4.24;
P 10.32. GgH,.NO;P. “Calculated,%: C 62.54; H
7.17; N 4.56;"P, 10:09.
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